superfamily of transcription factors; there are two ESRs, ESR-alpha and ESR-beta, which are encoded by ESR1 and ESR2, respectively. [8] It was found that the expression of ESR1 in uterus of mice is much higher than ESR2, indicating the more important role of ESR1 in RSA. [9] Moreover, studies have demonstrated that female ESR2 knockout mice are subfertile and primarily lack efficient ovulatory function; however, female ESR1 knockout mice are infertile because of anovulation and insensitivity to estrogen, indicating the essential role of ESR1 in successful pregnancy. [10, 11] ESR1 (140 kb), located on chromosome 6q25.1, is a common component of the ESR complex in the tissue of pregnant females. [12, 13] Two single nucleotide polymorphisms (SNPs) -rs2234693 (-397C>T, defined by the restriction enzyme PvuII) and rs9340799 (-351A>G, defined by the restriction enzyme XbaI) -in intron 1 of ESR1 were demonstrated to be associated with RSA, [14] [15] [16] [17] [18] indicating the potential role of ESR1 genetic polymorphisms in RSA, and these polymorphisms may be taken as promising biomarkers for evaluating the risk of RSA. However, the existing evidence remains controversial because of the inconsistency of findings among studies. [19] [20] [21] Although a 2011 study reported no significant association between ESR1 polymorphisms and RSA, the community is still unable to reach a consensus. For example, some studies demonstrated that both the rs2234693 and rs9340799 polymorphisms of ESR1 are associated with increased RSA risk, [14, 15] while other studies reported that only one of the two polymorphisms -either rs2234693 or rs9340799 -affects RSA risk. [17] Moreover, some studies indicated that neither the rs2234693 nor the rs9340799 polymorphism of ESR1 is associated with RSA risk. [19, 20] Considering the heterogeneous approaches and limited sample size of earlier studies, we designed this meta-analysis to further elucidate the association between ESR1 polymorphisms and RSA risk with larger sample sizes and more detailed analysis.
Methods

Search strategy
A comprehensive literature search was performed in PubMed, Embase, Cochrane Library, China National Knowledge Infrastructure, and Wanfang Med Online Database up to January 3, 2018, by two independent researchers (Xun-Qiang Yin and Qiang Guo) under the supervision of the other two authors (Xia Li and Hong-Mei Ju) without language restrictions. The following keywords and MeSH terms were applied: ("Estrogen receptor 1" OR "ESR1" OR "ER1" OR "Estrogen receptor alpha" OR "ESR alpha" OR "ER alpha") AND ("recurrent embryo loss" OR "recurrent pregnancy wastage" OR "recurrent pregnancy loss" OR "recurrent spontaneous abortion" OR "recurrent miscarriage" OR "recurrent abortion" OR "recurrent fetal loss" OR "habitual abortion") AND ("polymorphism" OR "gene" OR "genetic" OR "variant" OR "variation" OR "mutation" OR "SNP" OR "allele"). In addition, the reference lists of the retrieved articles were searched manually.
Inclusion and exclusion criteria
The eligible studies were performed from February 2002 to February 2014 and identified using the following inclusion criteria: (1) the design of the original article was a cohort study or a case-control study; (2) the study evaluated the association between ESR1 polymorphisms and the risk of RSA; (3) RSA was defined as the occurrence of two or more miscarriages in the first two trimesters of pregnancy, and the controls were women with at least one successful pregnancy without a history of complicated pregnancies, miscarriages, still births, small for gestational age fetuses, preeclampsia, ectopic pregnancy, or preterm delivery; (4) the genotype distributions in both the cases and the controls were available to calculate the odds ratios (ORs) and their corresponding 95% confidence intervals (95% CIs); and (5) for duplicates, only the study with more complete data and a more extensive interval of enrollment was included. Studies were excluded if: (1) they were letters, abstracts, meta-analyses, or review articles; (2) they did not include healthy control population and publish without raw data; (3) the genotype frequencies were unavailable; (4) ESR1 polymorphisms were not detected by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP); (5) they did not conform to the criteria for RSA; or (6) they were duplicates of previous publications. The selection of the studies was performed by two investigators independently, according to the inclusion and exclusion criteria, by screening the title, abstract, and full text. Any disagreement was checked and resolved by discussion among the authors.
Data extraction
The bibliographic search and data extraction were conducted independently by two investigators from all eligible publications according to the above inclusion criteria and exclusion criteria. The following information was gathered from all identified studies according to a standardized data collection form: author name, publication year, study country, ethnicity, diagnostic criteria for RSA, genotype method, genotype frequencies in cases and controls, and the P value of Hardy-Weinberg equilibrium (HWE) in controls. Each ethnic descent was classified as Asian or non-Asian. Any disagreement was resolved by discussion among the authors.
Quality assessment of included studies
A quality assessment was independently performed for all of the included studies by two authors (Ran Wei and Zhen Zhang) using the Newcastle-Ottawa Scale (NOS), [22] and any disagreement was resolved by discussion and consensus. The NOS comprised the following three parameters of quality: selection, comparability, and exposure. Studies with scores of 8 points or higher were considered to be of higher quality.
Statistical analysis
The OR and CI were calculated to evaluate the relation between the ESR1 rs2234693 and rs9340799 gene polymorphisms and RSA risk. The significance of pooled OR was determined by a Z-test α = 0.05, it is the size of a test. The OR was calculated by the codominant, homozygous, heterogeneous, dominant, and recessive models based on the genotype frequencies in cases and controls. These models are the five common statistical methods for the analysis of genetic polymorphisms, and the principle of these models is to repeat the comparison of various genotypes to reduce error probability. [23] The suspicion of heterogeneity based on the selected studies was investigated by the Chi-square-based Q-test and inconsistency index (I 2 ) test. [24] When the P value of the Q-test was <0.05 or I 2 was more than 50%, the degree of heterogeneity was considered significant, and the random-effects model (REM) [25] was used; otherwise, the fixed-effects model (FEM) [26] was selected. To consider potential geographic variation, we performed subgroup analysis stratified by geographic location. Sensitivity analysis was performed by sequential omission of individual studies. Potential publication bias was explored using Begg's funnel plot and Egger's linear regression test. [27] If publication bias was identified, the nonparametric "trim and fill" method was used to adjust for the bias. HWE in controls was examined using a Chi-square goodness-of-fit test. All analyses were performed with Stata software (version 12.0; Stata Corporation, College Station, Texas, USA). A two-sided P value was considered statistically significant if it was <0.05.
Results
Studies included in the meta-analysis
The detailed study selection process is summarized in Figure 1 . Based on the searching strategy, 198 records were retrieved. According to the exclusion criteria, 177 articles were excluded after the titles and abstracts were reviewed, and 14 articles were excluded for not being case-control studies or not fitting the study criteria. In the final meta-analysis, seven articles involving a total of 836 cases and 1164 controls were identified from the electronic databases according to the inclusion and exclusion criteria. [15] [16] [17] [18] [19] [20] [21] The characteristics of the identified studies are presented in Table 1 . These case-control studies were published between 2002 and 2014. Among them, three studies were conducted in China, one in Iran, one in Ukraine, one in Spain, and one in Brazil. ESR1 polymorphisms including PvuII (rs2234693, -397C/T) and XbaI (rs9340799, -351A/G) were reported in these studies. DNA samples used for identifying ESR1 polymorphisms were extracted from blood in all included studies. The methods used for genotyping were PCR-RFLP. Genotype distributions among the controls of most studies were consistent with HWE. In addition, all seven studies were assessed for quality according to the NOS, and all studies scored 8 stars, suggesting higher quality. Table 2 . Overall, there was no significant association between the polymorphisms of ESR1 (rs2234693 and rs9340799) and the risk of RSA in any of the five genetic models. Subgroup analysis was performed to further identify the effects of heterogeneity on the results. It was showed that the rs2234693 polymorphism was not associated with the risk of RSA in both Asian and non-Asian groups under any of the five genetic models. As for rs9340799 polymorphism, significant association was found in non-Asian group in the homozygous genetic model [OR = 2.40, 95% CI = 1.05-5.50, P = 0.039; Figure 2a ], indicating that rs9340799 polymorphism might increase the risk of RSA in non-Asians. Moreover, significant association between the rs9340799 polymorphism and RSA risk was identified in Asian group in both the heterozygous model [OR = 0.53, 95% CI = 0.33-0.85, P = 0.009; Figure 2b ] and the dominant genetic model [OR = 0.55, 95% CI = 0.30-0.98, P = 0.042; Figure 2c ], suggesting that rs9340799 polymorphism may play opposite roles in RSA in Asians and non-Asians. The main results of the subgroup analysis were displayed in Table 3 .
Meta-analysis of the association between the estrogen receptor 1 polymorphisms and recurrent spontaneous abortion
Sensitivity analysis
Sensitivity analysis was conducted by sequential omission of individual studies to evaluate the stability of the overall results. This sensitivity analysis suggested that the results concerning the -397C/T (rs2234693) gene polymorphism and RSA risk was stable and robust [ Figure 3 ], and the association between the -351A/G (rs9340799) gene polymorphism and RSA risk was also stable and robust [ Figure 4 ].
Publication bias
Funnel plots and Egger's linear regression tests were performed to assess the publication bias of the included studies. For rs2234693, the shapes of the funnel plots of the five genetic models seemed symmetrical, suggesting that there was no significant publication bias. Meanwhile, Egger's test also did not show strong, statistically significant publication bias in any of the five models (codominant genetic Figure 5 ]. Therefore, we applied trim-and-fill analysis to the homozygous genetic model (AA vs. GG) and the dominant genetic models (AG + AA vs. GG) [ Figure 6 ]. The data showed that there was no significant difference in pooled OR before and after the adjustment, indicating that the results were reliable and stable.
dIscussIon
Along with progestogen, estrogen is one of the two most important female sex steroid hormones, both of which play crucial roles in the progression of the preimplantation phase and the maintenance of pregnancy. [6] Estrogen [17] 2013 Ukraine Ukrainian Two or more PCR-RFLP 18/37/20 21/53/32 0.910 8 Hu et al. [20] 2012 China Chinese Two or more PCR-RFLP 27/90/79 30/76/76 0.605 8 Pineda et al. [16] 2010 Spain Spanish Two or more PCR-RFLP 6/21/21 100/225/115 0.616 8 Aléssio et al. [21] 2008 Brazil Caucasian and African Brazilian
Three or more PCR-RFLP 9/48/18 14/37/24 0.969 8
Guan et al. [18] 2002 China Chinese Two or more PCR-RFLP 9/28/32 10/45/18 0.034 8 rs9340799
Pan et al. [15] 2014 China Chinese Two or more PCR-RFLP 63/41/25 119/50/14 0.012 8 Mahdavipour et al. [19] [20] 2012 China Chinese Two or more PCR-RFLP 129/58/9 109/65/8 0.302 8 Pineda et al. [16] 2010 Spain Spanish Two or more PCR-RFLP 24/19/4 153/221/67 0.379 8 Aléssio et al. [21] 2008 Brazil Caucasian and African Brazilian
Three or more PCR-RFLP 33/38/4 35/31/9 0.600 8
Guan et al. [18] exerts its function by binding to ESR1 and ESR2, which are members of the nuclear receptor protein superfamily of transcription factors. [28] Infertility has been observed in ESR1 knockout female mice, indicating that the function of estrogen is carried out by its receptor ESR1, and an extensive attention has been focused on elucidating the association between ESR1 polymorphisms and the risk of RSA. Due to inconsistent opinions on the role of ESR1 polymorphisms in RSA risk, the present meta-analysis was performed to further elucidate the association between the effects of ESR1 polymorphisms and the risk of RSA. In the present meta-analysis, the association between the polymorphisms of ESR1 (rs2234693 and rs9340799) and RSA risk was examined based on seven studies with a total of 836 RSA patients and 1164 healthy controls. [15] [16] [17] [18] [19] [20] [21] Our results showed that, generally, the polymorphisms of PvuII (rs2234693) and the XbaI (rs9340799) in ESR1 were not related to RSA risk. In the subgroup analysis, there was no significant association between the PvuII (rs2234693) polymorphism of ESR1 and the risk of RSA in both Asian and non-Asian patients. However, subgroup analysis indicated that XbaI rs9340799 (-351A/G) polymorphism was related to increased RSA risk in non-Asian group but decreased RSA risk in Asian group. A possible explanation for this phenomenon is that the linkage disequilibrium patterns in alleles may differ between ethnic population, and RSA polymorphisms may have opposite roles in RSA for Asians and non-Asians. However, it is also possible that some other factors may interfere with the analysis results. For example, the sample size and information were limited in the included studies, and it is difficult to determine the origin of the patients. Moreover, there was a substantial difference between the numbers of Asian and non-Asian RSA patients. Concerning the XbaI (rs9340799) polymorphism of ESR1, there were 638 Asian cases in the six relevant publications, while the number of non-Asian cases was 122. Therefore, the variation in quantity between the Asian and non-Asian subgroups may affect the results. Nevertheless, the genotype distribution of the controls generally did not deviate from HWE. Although there was publication bias according to Begg's funnel plot and Egger's linear regression test, the P value did not show any significant difference before and after "trim and fill" analysis, and the NOS score also indicated that the included studies were credible.
In summary, our findings revealed that different polymorphisms may have a different relationship with the risk of RSA in different ethnic groups. Generally, the ESR1 rs2234693 (-397C/T) and rs9340799 (-351A/G) polymorphisms might not be associated with RSA risk. However, ESR1 rs9340799 (-351A/G) polymorphism may play opposite roles in RSA in different ethnic populations. As for Asians, ESR1 rs9340799 (-351A/G) polymorphism may decrease the risk of RSA; while for non-Asians, ESR1 rs9340799 (-351A/G) polymorphism may increase the risk of RSA. Our findings contribute to a better understanding of genetic polymorphisms of ESR1 in RSA and pinpoint a novel biomarker and potential therapeutic target for RSA patients. Meanwhile, we are aware of several limitations of this study. First, the sample size of each individual study included in the current meta-analysis was relatively small, and the information on the patients was not adequate to perform more thorough subgroup studies based on factors such as age, the frequency of pregnancy and abortion, and environmental exposure to evaluate the heterogeneity among the included studies. Moreover, even though geographical information could be obtained from the included studies, ethnic origin of the RSA patients could not be acquired from the included studies. Therefore, additional well-designed studies with large sample sizes are required to further 
